The discontinuous Galerkin method is applied to ordinary di erential equations and is shown to have the property of A-stability. For polynomial spaces of degree q = 0, 1, 2 and 3, this method is applied to a model equation and is shown to be sti A-stable and of order 2q + 1.
A numerical solution to this equation can be obtained by calculating the approximate solution at a sequence of discrete points, say t n , n = 0; 1; :::; N.
Let y n represent this approximate solution at t n and y(t n ) the exact solution at t n . If these discrete points are equally spaced, then t n = nh, where the step size h = t n ? t n?1 .
Consider the model di erential equation _ y(t) = y; y(0) = 1; ( Consider the power series The R n;n are called the diagonal Pad e approximants and R n?1;n are the subdi- In this work, we will show that the discontinuous Galerkin method 7, 11, 12] (DGM), exhibits the property of A-stability for any desired order of global truncation error. We will also show that this method exhibits the property of sti A-stability, for order of p = 1; 3; 5; and 7. We will then give some examples where these properties are desirable.
Chapter 2 Discontinuous Galerkin Method
To describe the DGM, consider the following notation:
I n = (t n?1 ; t n ) P q (I n ) = fv : v(t) = The subscript h on y and v and the subscript n on B and L will be dropped for brevity. Evaluating the integrals for B(v; y) can be much simpli ed by using the transformation from the \global" domain I n = (t n?1 ; t n ) to a \local" domain. The shape functions are also transformed from the global to the local coordinate system, so that y( ) and v( ) are expressed in terms of the shape functions, i 's, i = 1; : : :; q + 1. We will denote the discontinuous Galerkin method with y(t) and v(t) as polynomials of degree q or less as DGM(q).
DGM(0)
In the case for q = 0, v(t) and y(t) are polynomials of degree zero. Hence, Recall that jM 0 j < 1 for Re( ) < 0. Therefore, y n < y n?1 :
That is, DGM(0) is a monotone method for real negative . The following results will be needed. Therefore, in addition to A-stability, DGM(1) exhibits sti A-stability, and has order of 3.
The numerator of M 1 ( h) has a zero at h = ?3, and is negative for h < ?3. The denominator is positive for all real h < 0. Thus M 1 ( h) < 0 for real negative whenever the step size h > ?3= . The sequence of numerical solutions will then oscillate between negative and positive values.
Therefore, DGM (1) is not in general, monotone. But the method will exhibit monotonicity for step size chosen small enough. For example, with = ?30, choosing h < 0:1 will result in this method being monotone.
DGM(2)
For q = 2, the shape functions in the local coordinates are: Therefore, DMG (2) is sti A-stable and has order p = 5.
The numerator of M 2 ( h) has two complex roots and the denominator has two complex roots and one positive real root. Then, since M 2 (0) = 1 > 0, M 2 ( h) > 0 for all negative real h. Therefore, y n < y n?1 :
That is DGM (2) is monotone.
DGM(3)
For q = 3, the shape functions are Heun's method gives absurd results, so it was not shown on a graph.
Notice that the DGM(0) actually gives better results than the trapezoidal method, even though it is of lower order. Then, of course the DGM (2) 
Heun's y(t n ) = e t n 0 1:0000e + 00 1:0000e + 00 1:0000e + 00 1:0000e + 00 1:0000e + 00 Table 4 . Heun's y(t n ) = e t 0 1:0000e + 00 1:0000e + 00 1:0000e + 00 1:0000e + 00 1:0000e + 00 
Chapter 5 Conclusion
In this work, we showed that the discontinuous Galerkin methods for ordinary di erential equations are A-stable. With piecewise polynomial spaces of degree q = 0, 1, 2 and 3, we showed that the order is p = 2k + 1. Also, in these cases, the methods are sti A-stable. 
